Eclosion hormone (EH) is an insect neuropeptide that is re leased at the end of metamorphosis from the CNS and triggers the stereotyped motor program of adult emergence. Using three distinct experimental approaches, we have identified a discrete set of neurosecretory cells in the brain of the moth Mtznducu sex&z that contains and releases EH. By isolating the neurosecretory somata and testing them with a sensitive behavioral bioassay, we identified a cluster of ipsilaterally projecting cells (Group Ia) that contain EH. Intracellular stimulation of individual cells within this group induced the release of bioactive EH into the hemolymph surrounding the neurohemal organs of the brain, whereas stimulation of cells in the other cerebral neurosecretory clusters did not. We also developed a polyclonal antiserum against purified EH that precipitated all bioactive material from samples containing the peptide. This antiserum selectively stained 5 of the Group Ia cells on either side of the brain, as well as their central and terminal processes. Preincubation of the serum with EH dramatically reduced its ability to bind the peptide subsequently. The combined application of these physiological and immunological techniques has led to the unequivocal identification of the EH neurons in the moth brain.
The neuroendocrine systems of insects contribute to the regulation of a wide variety of developmental and behavioral processes, coordinating an animal's responses to both internally and externally derived stimuli. The relative simplicity of the arthropod CNS has made possible the unambiguous identification of peptidergic cells and cell groups (Bullock, 1984; Rowell, 1976) , and direct analysis of the contents of individual neurosecretory somata has revealed the cellular localization of peptides that modulate steroid secretion (Agui et al., 1979) , diuresis (Berlind and Maddrell, 1979) , skeletal muscle contraction (O'Shea and , heartbeat acceleration (O'Shea and Adams, 198 1; Tublitz and Truman, 1985) , and stage-specific cuticular tanning (Taghert and Truman, 1982) . The electrophysiological properties of individual neurosecretory cells have also been determined in several different preparations (Bruce and Wilkens, 1976; Carrow et al., 1984; Miyazaki, 1980; Zaretsky and Loher, 1983) , although attempts to monitor the spontaneous activity of peptidergic neurons in a physiologically relevant context have proven less successful.
We have been investigating the regulation of eclosion hormoIte (EH) in the moth Manduca sexfa, a 4000 Da peptide secreted into the hemolymph from the CNS at the end of adult development that triggers the stereotyped motor pattern of adult emergence (eclosion) from the pupal cuticle (Truman, 197 1) . Previous studies have indicated that EH is produced by cells in the brain and is transported to the associated neurohemal organs, the corpora cardiaca-allata complex (CC-CA), for storage and release (Truman, 1980) . This system is of particular interest because the release of EH is tightly regulated by two factors: The declining titer of the steroid 20-hydroxyecdysone during the latter part of metamorphosis determines the day of EH secretion , while a circadian input determines the time of day when release occurs (Truman, 1972) . These regulatory events can be experimentally manipulated in both intact and semi-intact animals (Schwartz and Truman, 1984; Truman et al., 1983) , and the spontaneous activity of the cerebral neurosecretory system can be monitored electrophysiologically during the time of hormonal release Truman, 1984, 1986b) .
In this report we have identified the EH-producing neurons of the moth brain by three separate experimental approaches. We have developed techniques for the dissection and bioassay of the various neurosecretory cell groups known to project to the CC-CA, thereby localizing EH to a bilaterally paired cluster in the lateral protocerebrum. We have confirmed these findings by electrical stimulation of individual cells within this group to induce the release of bioactive material and have prepared a polyclonal antiserum to EH that selectively stains 5 of the somata within each lateral cluster but does not stain any of the other neurons of the brain.
Materials
and Methods
Experimental animals
Man&u sex& larvae were reared in a laboratory colony on an artificial diet (Bell and Joachim, 1976) and maintained in a long-day photoperiod of 17 hr light : 7 hr dark at 27°C. Following pupation, animals were transferred to a photoperiod of 12 hr light : 12 hr dark with a superimposed thermoperiodic cycle (27oC by day : 25°C by night) to improve the synchrony of eclosion. Under these conditions, adult development is completed in approximately 18 d. For the isolation of neurosecretory cell clusters or stimulation of individual somata, animals were selected on the day before eclosion (day 17 ofadult development), using a defined set of cuticular markers . Animals that had completed adult development (day 18) were excluded from these studies to avoid potential interference from spontaneously released EH . Specimens to be used for immunohistochemical studies were injected with colchicine (50 ~1 of a 0.1% solution in physiological saline) on the 15th day of adult development and then killed 2 d later for collection of their neural tissue.
Bioassay of EH
The levels of EH in cell homogenates and hemolymph samples were measured using a sensitive bioassay based on the stimulatory effect of the peptide on larval ecdysis (Truman et al., 1981) . Staged Manduca larvae undergoing the molt to the fourth instar were maintained at 22.5"c and carefully monitored by reference to a defined set of external markers (Copenhaver and Truman, 1982) . Animals were injected with 5-10 ~1 of a sample solution using a 50 ~1 microsyringe (Unimetiics) at a stage 4 (kO.5) hr before the normal onset of ecdysis (1 hr after the appearance of air in the exuvial headcap). Solutions containing EH caused a dose-dependent acceleration in the onset of the larval ecdysis behavior, and the amount of hormone present in a given sample could be estimated with respect to a standard curve (Fig. 1) . Maximal responses were manifested by a premature initiation of the ecdysis behavior as early as 60 min after an injection, while latencies greater than 175 min were considered negative. The threshold of sensitivity for this assay is approximately 2 x 1O-4 units, one unit being defined as the amount of EH present in one CC-CA pair collected from a pharate adult moth (Reynolds and Truman, 1980) .
Isolation of neurosecretory cell somata
Individual neurosecretory cells were isolated from the brains of developing adult moths by using a modification of the cell dispersal technique developed by D. Reddy (personal communication).
Brains were dissected from CO,-anesthetized animals and the superficial tracheae and perineurial sheath carefully removed with fine forceps, while maintaining the tissue under a physiological saline (Miyazaki, 1980) designed to mimic extracellular conditions within the CNS (in mM: NaCl, 140; KCl, 5; CaCl,, 2.4; MgCl,, 1.3; glucose, 10; HEPES buffered at pH 7.4). The desheathed brains were then incubated in a solution of 1 mg/ml collagenase (Type V, Sigma) and 1 mg/ml hyalmonidase (Type IV, Sigma) in saline for a period of 4-6 hr at 22.5"C or overnight at 4°C. Increased times of incubation resulted in more easily dissociated cells but also rendered the isolated somata more prone to spontaneous lysis.
Following this enzymatic treatment, brains were transferred to fresh saline and restrained with "minutien" insect pins. Under oblique lighting with a fiberoptics illuminator, the neurosecretory cell bodies were easily visualized due to their differential diffraction of light. The individual somata (and occasionally a portion of their axons) could then he teased gently from the surrounding tissue with finely pulled glass needles, freed from any residual material, and transferred to a 5-10 pl droplet of saline under paraffin oil. The droplets were exposed to repeated freezethawing to induce cell lysis and subsequently were collected with a microsyringe. By this method, both individual and pooled subsets of neurosecretory cells could be maintained and manipulated in a controlled volume for bioassay of their contents.
Intracellular stimulation of neurosecretory cells
Electrical stimulation of individual neurosecretory cells was accomplished using a semi-intact preparation: Pharate adults were anesthetized with CO,, restrained in molded Plasticine by inserting insect pins through the thoracic wing bases and the anteriolateral regions of the headcap, and the cuticle above the brain and CC-CA was surgically removed. The heart and large tracheal trunks overlying the brain were then ligated with fine silk thread and a longitudinal incision made in the heart to expose completely the bilaterally paired CC-CA. Removal of the largest tracheal branches investing the dorsal surface of the brain facilitated the visualization of the neurosecretory cells in the protocerebrum. Care was taken not to disrupt the perineurial sheath, as damage to this structure resulted in extreme deformation of the cerebral lobes.
The brain was then stabilized with a waxed metal platform and individual neurosecretory somata were impaled with a glass micropipette electrode (30-60 ma) filled with 2 M potassium acetate. Intracellular recordings were performed using a Getting model 5 microelectrode amplifier and monitored on a multiple-trace storage oscilloscope. To induce the release of neurosecretory material from a cell's terminals in the CC-CA, a stimulation paradigm of 100 msec depolarizing pulses (2-10 nA) at l-2 Hz for 10 min was chosen to mimic the maximum firing frequencies recorded in the neurosecretory nerves during spontaneous bouts of activity (Copenhaver and Truman, 1984, 198613) . The amount of current injected was adjusted to maintain continuous firing by the cell. Samples of the bath surrounding the CC-CA were collected just before and after the period of stimulation and immediately bioassayed for the presence of EH.
Under visual guidance, the stimulated cell could then be reimpaled reliably with an electrode containing 125 mM cobalt chloride, which was iontophoresed by passing 800 msec depolarizing pulses of current (20 nA) at 1 Hz for lo-15 min. Subsequently, the preparation was incubated for 4-6 hr to allow diffusion of the cobalt throughout the cell's processes. The brain-CC-CA complex was then dissected, transferred to a solution of 0.5% ammonium sulfide in saline for 20 min to precipitate the cobalt, rinsed, and placed in Camoy's fixative for 1 hr. Silver intensification of the filled cells was performed according to the method of Bacon and Altman (1977) , followed by mounting of the tissue in Canada balsam.
Production of EH antibodies
For preparation of a serum antibody to EH, the hormonal content of 1000 CC-CA pairs was extracted by high-pressure liquid chromatography (HPLC) (J. W. Truman and G. Terzi, unpublished observations). One CC-CA pair is estimated to contain l-10 ng EH. The peptide was conjugated overnight to BSA (RIA grade; Sigma) in a molar ratio of 6: 1, using the glutaraldehyde technique (Watson and Akil, 1983 ). The conjugation reaction was then inactivated by adding 2 mg sodium borohydride/ml dutaraldehvde (Bulinski et al.. 1983 ) and centrifueed at 50,000 x g foF30 min. The resulting pellet was resuspended in l-ml of Sorenson's buffered saline and emulsified with 1 ml Freund's complete adjuvant. In addition, 100 pg muramyl dipeptide (Adjuvant Peptide; Sigma) was added to the mixture as an additional stimulant of the immune response (Chedid et al., 1976 ). The emulsified solution was then administered to a rabbit by multiple subcutaneous injections.
This procedure was repeated every 3-4 weeks for 8 months, utilizing an approximate total of 10,000 CC-CA. Serum samples were periodically collected from an ear vein using a 35 ml syringe (offset tip; Monoject) and a 21 gauge Luer-Lok needle. By this method a substantial volume of blood could be collected without causing excessive hemolysis of the sample or trauma to the ear vein. Blood was allowed to clot at 27°C for 6-8 hr and centrifuged at 50.000 x F for 30 min at 10°C. The resultant serum was aliquoted and stored wrth 0.1% sodium azide at -70°C.
The presence of specific antibody binding activity was monitored by the immunoprecipitation procedure of Jones (1980) . Briefly, aqueous extracts of EH (at a concentration of 1 unit/3O.pl) were prepared from pharate adult CC-CA by homogenization of the glands in saline and heat treatment of 80°C for 5 min. The extracts were then centrifuged to remove particulate matter, and the supematant was divided into IO0 ~1 aliquots. Each aliquot was incubated with 50 ~1 of a serum sample (diluted from 1: 5 to 1:500) for 30 min, followed by 50 ~1 of an aqueous solution of Protein A (IgGsorb, the Enzyme Center, Inc.) for an additional 30 min. All incubations were performed on ice with intermittent agitation. The immunoglobulin-Protein A complex was pelleted by a 2 min centrifugation in a microfuge (Beckman) and the supematant bioassayed for the presence of residual EH. A strong affinity of the serum for the peptide resulted in a negative bioassay score, indicating that all bioactive material had been successfully precipitated. Extracts contain- ing EH were routinely pretreated with an aliquot of Protein A (20 FV 100 al of extract) prior to the immunoprecipitation procedure to control for nonspecific binding of the hormone. Other controls included the incubation of aliquots of the EH extract with preimmune serum or with saline.
Serum samples were also preblocked with extracts from a variety of neural and non-neural tissues to determine their ability to interfere with the immunoprecipitation reaction. The protocerebral lobes, optic lobes, or CC-CA complexes of 10 pharate adult brains were homogenized in 500 ~1 of saline, and 100 ~1 of each of these extracts was added to an equal volume of the immune serum for overnight incubation at 4°C. Extracts prepared from larval muscle and fat body (1.5 gm in 2 ml saline) were similarly employed. The preblocked serum samples were subsequently tested by immunoprecipitation as already described.
Immunohistochemistry
Immunohistochemical staining of nervous tissue from pharate adult moths was performed using the indirect immunofluorescent technique (Stemberger, 1979) . Brains were dissected from colchicine-pretreated animals (as previously described) and stored in Bouin's fixative (aqueous) for 12-24 hr. The tissue was then rinsed, dehydrated, and embedded in paraffin (Surgipath). Serial sections, 8 pm, were cut on a rotary microtome and affixed to gelatin-coated slides. Processing of the tissue was performed by standard immunohistochemical procedures: The sections were deparaffinized, rehydrated, and blocked for 1 hr in 20 mM PBS containing 1% BSA, 3% normal goat serum, and 0.1% sodium azide (PBS-BNA). The anti-EH serum was preabsorbed with 1% BSA in PBS for 12-24 hr, diluted with PBS-BNA, and applied to the tissue sections for incubation (for 36-48 hr at 4°C). Concentrations from 1: 10 to 1: 1000 were tested for their ability to stain the nervous system, but a dilution of 1: 100 was most commonly employed. Subsequently, the sections were rinsed in PBS, incubated with a secondary antibody conjugated to fluorescein isothiocyanate (goat anti-rabbit IgG, 1:200 in PBS-BNA) for l-2 hr, and rinsed again. For mounting, 80% glycerol in PBS containing 4% N-propyl gallate was used to ret&d ph&bleaching of the fluorescein (Giloh and Sedat, 1982) . The specificity of the immunohistochemical reaction was tested by exposing serial adjacent sections either to immune or preimmune serum or to immune serum that had been preincubated with HPLC-purified EH for 24 hr (500 units of EH in 100 ~1 of serum).
Results

Localization of EH cells
The cerebral neurosecretory system of adult Manduca includes 4 bilaterally paired groups of putative neurosecretory cells within the brain that send their axons to the CC-CA- Fig (Buys and Gibbs, 1981; Carrow et al., 1984; Nijhout, 1975) . Associated with these clusters of large cells in the adult are 2 groups of smaller neurons (5-l 0 brn) that send processes to the NCC-1 + 2. The diffuse Group Ib, interspersed with the larger neurosecretory cells of the lateral protocerebrum (Nijhout, 1975) , are not visible in the living tissue and were not investigated in this study. Group IIb, comprised of a tight packet of opalescent cells on either side of the dorsal midline (Copenhaver and Truman, 1986a) , were routinely collected with the larger IIa cells (discussed below) but were not examined electrophysiologically. When the lateral, medial, and ventral portions of the pharate adult brain containing the various neurosecretory cell groups were dissected and assayed for the presence of EH (Fig. 2B) , only the lateral regions were found to have substantial amounts of bioactive material. The medial regions possessed low levels of EH activity, and the ventral regions none at all. These results strongly indicated that at least some of the protocerebral neurosecretory cells (but not the tritocerebral clusters) produce biologically active EH. Since numerous studies have found significant amounts of neurosecretory material in the dendrites and central processes of insect peptidergic cells (Agricola et al., 1985; Geldiay and Edwards, 1973; Pipa, 1978; Veenstra et al., 1985) , we chose the more rigorous approach of single-cell dissections to identify the clusters that produce EH. As previously noted, the large protocerebral neurosecretory cells in the developing adult moth brain are clearly visible (Fig.   3A) . Following enzymatic treatment, the individual somata of the various groups were removed from the surrounding tissue and freed from contaminating material (Fig. 3B) . The isolated somata from both sides of the brain were then pooled by group and bioassayed. As shown in Figure 4 , the cells of the ipsilateral clusters (Group Ia) contained significant amounts of EH, while no detectable levels of the hormone were found in either the contramedial (Groups IIa and IIb) or contralateral (Group III) clusters. The combined results of these experiments are summarized in Table 1 .
In an attempt to localize EH within a subset of the ipsilateral neurosecretory clusters, the Group Ia cells were next subdivided 
Intracellular stimulation of EH release
The electrophysiological and anatomical characteristics of the Group Ia neurosecretory cells were examined in semi-intact preparations by penetrating individual somata with micropipette elecrodes. Typical resting potentials of the ipsilateral cells were -35 to -50 mV. Stimulation of individual cells with depolarizing pulses of current (Fig. 5A ) produced a low-frequency burst of action potentials (l-2 Hz, 35-50 mV) of long duration (20-45 msec), which in some preparations were seen to overshoot. Impulses recorded from spontaneously active cells exhibited similar waveform characteristics and also displayed an after-hyperpolarization phase lasting up to 200 msec (Fig.  5B) .
Intracellular iontophoresis of cobalt chloride into individual ipsilateral cells revealed a distinctive morphology (Fig. 5c) . A single neurite extended from each soma and gave rise to several large collaterals, which in turn produced a diffuse dendritic arbor extending across the superficial regions of the ipsilateral protocerebrum; this arbor typically included a few processes that crossed the dorsal midline of the brain. The major neurite itself continued ventrally as the axon through the ipsilateral NCC-1+2, branching within the neurohemal organs to give rise to a diffuse terminal arbor. In all preparations where a Group Ia cell appeared to be filled completely, this terminal arbor ramified through the superficial regions of both the CC and CA, suggesting that the cells of this cluster secrete their contents directly into the hemolymph surrounding the retrocerebral complex. Neurosecretory cells of the 3 major groups in the dorsal protocerebrum were individually stimulated by intracellular injection of depolarizing pulses of current. As shown in Figure 6 , when a cell in Group Ia was briefly stimulated (10 min at l-2 Hz) and a sample of the saline from around the CC-CA collected just before and after the period of excitation, EH activity was clearly detectable in the poststimulation bath. caused no release of EH. As with the cell-dissection experiments described above (Fig. 4) , the bioassay results of Figure 6 are based on small sample sizes due to the minute volumes of saline collected from around the neurohemal organs, but detectable levels of EH were recovered following stimulation of Group Ia cells in 44% of the preparations attempted (Table 2) . Once again, the variability in soma position within the ipsilateral clusters precluded an assessment of the exact number of cells that contain the hormone; notwithstanding, these results support the conclusion that some (if not all) of the Group Ia cells produce and release EH. Immunological detection of EH Having identified the cells that produce EH on the basis of biological activity, we next attempted to confirm these results by immunohistochemical analysis. The production of a polyclonal antibody to the peptide was accomplished by immunizing a rabbit to conjugated fractions of EH. By monitoring the serum with an immunoprecipitation reaction, we first detected the presence of EH-binding activity following the third boost (approximately 7 weeks after the initial injection) and recovered maximal levels of activity at about 20 weeks. As shown in Figure  7 , the experimental serum (diluted 1: 10) exhibited a strong affinity for EH, removing all detectable bioactive material from an extract containing the hormone. The preimmune serum failed to reduce the levels of EH in an identical sample.
To examine the specificity of the antibody, aliquots of the immune serum were preincubated with extracts prepared from a variety of tissues prior to the immunoprecipitation reaction (Fig. 7) . Homogenates of larval muscle and fat body were ineffective in preventing the serum's ability to precipitate EH, while extracts derived from optic lobes (a region of the CNS devoid of biologically active EH) caused only a small decrement in the potency of the serum. In contrast, preincubation with an extract of the protocerebral lobes (containing the neurosecretory cell Table 2 ). Each stimulated cell was subsequently filled with cobalt. These experiments demonstrated a direct correlation between the presence of EH in a particular tissue extract and its effectiveness in blocking the serum's ability to bind EH.
The antibody was next used immunohistochemically to stain serial sections of paraffin-embedded adult brains by the indirect immunofluorescent technique (Stemberger, 1979) . Exposure of the tissue sections first to the anti-EH antiserum and then to goat anti-rabbit IgG conjugated to fluorescein isothiocyanate revealed 5 large cell bodies in the lateral region of both protocerebral lobes (Fig. 8) , clearly identifiable as members of the Group Ia cells by their size and position (Copenhaver and TNman, 1986a) . Immunoreactive material could also be traced into the major neurites of these cells in the lateral protocerebrum (Fig. 8C) and was found in a network of beaded terminals in both the CC and CA (Fig. 8D) , similar in appearance to neurohemal endings described in other systems (Beltz and Kravitz, 1983; Raabe, 1983; Schwarz et al., 1984) . Thus, the distribution of immunoreactive EH directly coincided with the central and peripheral projection patterns of the Group Ia cells. In contrast, the Group IIa and Group III cells did not react positively to the antiserum (Fig. 8A, B) , nor did any other neurons in the brain. Preincubation of the immune serum with HPLC-purified EH (500 units added to 100 ~1 of serum) dramatically reduced the staining of both the cells and their processes (Fig. 8E, F) , indicating that the antibody binds specifically to antigens related to EH. These results corroborated the localization of the EH neurons (made on the basis of biological activity) to the Group Ia clusters, but indicated that only a subset of these cells contains the peptide.
Discussion
We have identified a discrete set of neurosecretory cells in the developing adult moth brain (the Group Ia cells) that contains EH, both by microdissection and bioassay of the neurosecretory somata and by electrical stimulation of individual cells within this group to induce hormone release. In addition, we have developed a serum antibody for EH that selectively stains 5 of the 9 Group Ia cells on either side of the brain, as well as their major neurites and terminal processes in the associated neurohemal organs. Although variability in the relative positions of the Group Ia somata precludes the unambiguous identification of unique individuals within this cluster, the similarities in their morphology, electrophysiological properties, and immunoreactivity indicate that the EH-producing cells may represent a functionally homogeneous group.
Previous studies have shown that most of the cerebral neurosecretory cells of Munduca project to particular regions of the CC-CA-aorta1 complex (Carrow et al., 1984; Copenhaver and Truman, 1986a) , reflecting the localized release sites of many of the hormones associated with the insect brain (e.g., Agui et al., 1980; Mordue, 1970; Nicolson, 1976; Spring and Phillips, 1980) . EH bioactivity has been found to bc stored and secreted from both the CC and CA in approximately equal quantities (Copenhaver and Truman, 1986b) , and all of the Group Ia cells examined by cobalt iontophoresis in this study projected to both of these regions. Immunoreactive material revealed by the antiserum to EH was similarly distributed. While the functional significance of this diffuse pattern of neurohemal arborization remains unknown, the correlation between the distribution of EH bioactivity, immunoreactivity, and the terminal processes of the Group Ia cluster provides additional evidence that this group contains the EH-producing neurons of the brain.
The electrophysiological characteristics of the ipsilateral cells were similar to those reported for neurosccretory cells in the pupal stage ofMunduca (Carrow et al., 1984) and in other insects (Cook and Milligan, 1972; Orchard, 1983; Wilkens and Mote, 1970; Zaretsky and Loher, 1983) : They produced large, overshooting action potentials of relatively long duration followed by a prolonged after-hyperpolarization, and responded to a sustained pulse of depolarizing current with a low-frequency burst of action potentials. Somatic potentials in neurosecretory cells of other lepidopteran preparations have been shown to be dependent on external calcium and (to a lesser degree) on sodium (Carrow et al., 1984; Miyazaki, 1980; Yagi and Iwasaki, 1977) ; presumably the EH-producing cells of adult Munducu rely on similar ionic conductance mechanisms.
Electrical stimulation of individual Group Ia somata induced 135, 145, 149, 149, 164, 175, 175, 178, 185, 188, 188, 200, 200, 208, 213, 250, 250 IIa 5 0 196, 200, 204, 204, 213 III 5 0 188, 196, 204, 222, 233 L Latencies less than 176 min (equivalent to bioassay scores greater than 56, or 2 x lo-* units of EH) were considered positive. C, Positive reactivity within the major neurites (arrow) of several of the Group Ia cells in the lateral protocerebrum. D, Immunoreactive material within beaded varicosities in both the CC and CA of the neurohemal complex. E and F, Adjacent sections of an adult brain treated altematelv with anti-EH antiserum (E) or with serum nreincubated with HPLC-purified EH (F). Two of the Group Ia cells in these sections reacted positively to the serum, while a third ~urrowheud) did not. Scale, 25 pm. the secretion of EH in 44% of the preparations (Table 2 ). This result is consistent with the observation that only a subset of the ipsilateral cells contained immunoreactive EH. Intracellular stimulation of either the Group IIa or III cells failed to induce the release of EH bioactivity, illustrating that the secretion of the peptide following stimulation of the Group Ia cells was not simply due to nonspecific excitation of the cerebral neurosecretory system. In addition, extracellular monitoring of the neurosecretory nerves during intracellular stimulation of Group Ia cells has shown a one-for-one correspondence of impulses recorded from the soma and from their terminal regions in the CC-CA (Copenhaver and Truman, 1986b) , while the terminal projections ofthe Group Ia cells into the more peripheral regions of the CC and CA provide a morphological basis for the direct secretion of their contents into the surrounding hemolymph. Thus, the release of EH following excitation of the Group Ia cells was probably not due to synaptic activation of other secretory cells in either the brain or the CC-CA.
The polyclonal antiserum prepared against EH precipitated all biological activity from fractions containing the peptide and selectively stained a subset of the Group Ia cell bodies and their processes. Both of these reactions were markedly inhibited by preincubation of the antiserum with relatively small quantities of EH but were unaffected by preincubation with extracts that did not contain EH bioactivity. For immunohistochemical staining of sectioned brains, a relatively long incubation time with the primary antibody (36-48 hr) was necessary to achieve optimal results. We also performed immunohistochemical staining on intact nervous tissue (not shown), using the wholemount procedure of Bishop and O'Shea (1982) . Although those experiments revealed a staining pattern similar to that seen in sectioned material, the excessive levels of background reactivity that accompanied both experimental and control sera precluded the use of this technique for the accurate examination of immunoreactive structures.
A large number of hormonal factors in addition to EH have been attributed to the cerebral neurosecretory systems of insects (reviewed in Downer and Iaufer, 1983; Raabe, 1982) , but in only one previous instance-the localization of prothoracicotropic hormone to the Group III cell clusters of pupal Manduca (Agui et al., 1979 )-has the function of an identified set of brain neurosecretory cells been unambiguously confirmed. Similarly, the physiological changes accompanying the release of many of these factors have been examined, primarily with extracellular recording (Copenhaver and Truman, 1984; Orchard and Steel, 1980; Ruegg et al., 1982) and stimulating techniques (Girardie and Girardie, 1977; Orchard et al., 1981; Scharrer and Rater, 1969) . However, an accurate determination of the mechanisms whereby both internal and environmental factors impinge on neurosecretory events requires a more rigorous intracellular analysis using identified neurons. The localization ofthe cerebral neurosecretory cells that produce EH will now permit a direct examination of the effects of a variety of physiologically relevant stimuli on the release of this peptide hormone.
